The model penetrants oxaprozin, nimesulide, gliclazide, and ribavirin, because of their different lipophilicities, were selected to assess the enhancing activity of pre-treatment solutions consisting of isopropyl palmitate (IP) in ethanol (5%, 10%, 15%and 20%, w/w, respectively) across excised rat skin using Franz diffusion cells and HPLC detection. All pre-treatment solutions produced a significant increase in the flux and permeation of all four penetrants (pϽ0.001) and a relationship between penetrant lipophilicity and enhancement effect was observed. The general order of IP effectiveness at concentration was 20%Ͼ15%Ͼ10%Ͼ5% (w/w). The lag-time of drugs did not significantly change except for ribavirin.
Delivery of drugs through the skin is a comfortable, convenient and noninvasive method of drug administration. It avoids the variability in rates of absorption and metabolism encountered in oral treatment [1] [2] [3] and offers several advantages over the conventional dosage forms such as tablets and injections, including elimination of first-pass metabolism, minimization of pain, and possible controlled release of drugs. The success of transdermal delivery depends on the ability of the drug to permeate the skin in sufficient quantities to achieve its desired therapeutic effects. Despite the great potential of transdermal and dermal drug delivery systems, relatively few drugs are yet commercially available as a topical formulation. The limitation lies in the barrier properties of the stratum corenum. Therefore, systems which make the skin locally more permeable, enabling transdermal delivery is of great interest. In an attempt to increase the drug permeation through skin, enhancer has been more frequently employed over recent year.
The use of penetration enhancers is a long-standing and widely used approach to increase the range of drugs that can be effectively delivered via this route. 4) An effective penetration enhancer may increase the diffusion coefficient of the drug into the stratum corneum or could improve partitioning between the formulation and the stratum corneum.
Isopropyl palmitate is an fatty acid ester. It has been widely serviced on the cosmetics as a humectant, only few reports can be found confirming its penetration enhancing capacity. [5] [6] [7] The aim of this study was to explore the use of isopropyl palmitate in a in vitro transdermal delivery of drug. Four drugs, ranging from hydrophilic to lipophilic (ribavirin, nimesulide, gliclazide, and oxaprozin) were used as model compounds to study the effect of isopropyl palmitate on the skin permeability. In Vitro Skin Permeation Study Hair on the abdominal skin was shaved, and full-thickness skin was excised and preserved at Ϫ40°C until mounted in Franz diffusion cells (available diffusion area, 2.54 cm 2 ; volume of receiver cell, 13 ml) with a water jacket (32°C) for assessing skin permeability. The stratum corneum side was facing upward into the donor compartment, and the dermal side was facing downward into the receptor compartment. The receiver cells were filled with pH 7.4 phosphate buffer and stirred by a magnetic bar to ensure adequate mixing and maintenance of sink condition. 8) Prior to the diffusional experiments, skins were pretreated 2 h with 2 ml of an ethanol solution of IP (5%, 10%, 15% and 20%, w/w, respectively). After washing both cells, 4 ml aliquot of the drugs solution in pH 7.4 was added to the donor cells (The donor phase consisted of excess drug in suspension form to maintain a unit thermodynamic activity and infinite dosing for nimesulide, gliclazide, and oxaprozin respectively. Because ribavirin is freely soluble in water, 1% (w/w) solution was applied to the skin.), and the permeation experiments was started. Manually samples from the receptor chamber were taken hourly during 10 h. The sample volume taken was replaced with buffer pH 7.4. The samples were analyzed by HPLC method. Each data point represents the average of five examinations.
MATERIALS AND METHODS

Materials
Determination of Drugs Concentrations
The HPLC system consisted of a model LC-10AT pump (Shimadzu, Kyoto, Japan), and a model SPD-10A UV detector (Shimadzu, Kyoto, Japan). The analytical column was Diamonsil C 18 (200 mmϫ4.6 mm, 5 mm) (Dikma, U.S.A.). The chromatographic conditions are given by literature. [9] [10] [11] [12] 
RESULTS AND DISCUSSION
Data for the in vitro permeation of oxaprozin, nimesulide, gliclazide and ribavirin through rat abdominal skin following 2 h pre-treatment with IP in ethanol (w/w) was summarized in Table 1 . The compounds studied can be roughly categorized into two groups according to their lipophilicity: oxaprozin, nimesulide and gliclazide as lipophilic, and ribavirin as hydrophilic. Their physicochemical information was shown in Table 2 . Among the lipophilic compounds, the partition coefficient order is gliclazideϾnimesulideϾoxaprozin. Figure 1 shows the effect of IP on the P s values of three lipophilic compounds. The permeability of oxaprozin, nimesulide and gliclazide significantly increased as the concentration of IP increased. The maximum enhancement in P s was 82.79-, 5.53-and 54.74-fold for oxaprozin, nimesulide and gliclazide, respectively (pϽ0.001). But, when the concentration of IP increased from 10% to 15%, the permeation of nimesulide and gliclazide with the higher lipophilic did not change significantly. When the concentration of IP was 20%, the permeability of nimesulide and gliclazide increased. These observations might be explained by the mechanism Fig. 1. b) The value of permeability coefficient (P s ) was calculated according to the steady-state flux. c) The lag time (Lt) was calculated from the straight line plotted in Fig. 1. d) The enhancement factor (ER) represented the ratio of the test solution to control. Significant differences from control: * pϽ0.05, * * pϽ0.01, * * * pϽ0.001. that IP was often used as an oil phase and the solvent of lipophilic compounds. It seems to interact mainly with the intercellular lipids and incorporated into the stratum corneum (SC). 7) It is possible to increase solubility of nimesulide and gliclazide in the SC when the concentration of IP was 10% or 15% and IP reached a saturation concentration in SC. Thus, the permeation of nimesulide and gliclazide unchanged. When the concentration increase to 20%, IP disrupted the lipid packing and increased the lipid fluidity thus increasing the permeation of nimesulide and gliclazide. Figures 3-6 show the cumulative amounts of oxaprozin, nimesulide, gliclazid and ribavirin permeating per unit area following 2 h the pre-treatment with different concentrations of IP respectively. A significant increase was achieved by addition of IP as compared to control.
The permeability of ribavirin in the presence of various concentrations of IP is shown in Fig. 2 . IP also enhance the penetration of ribavirin. The P s value of ribavirin was increased from 1.77ϫ10 Ϫ6 cm/s in the absence of IP to 8.80ϫ10 Ϫ6 cm/s at 20% (w/w) IP (pϽ0.001). Different concentrations of IP did not significantly change the lag-time of drugs except for ribavirin ( Table 1) . The lagtime of the appearance of ribavirin in the receiver chamber decreased from 0.70 to 0.24 h at a concentration of 20% (w/w) IP (pϽ0.01).
In this study, we showed that IP acts as a penetration enhancer of drugs in ethanol solution. Pre-treatment solutions containing different concentration of IP (w/w) significantly enhanced the skin permeation of four model penetrants with wide ranging lipophilicities. Further experiments are currently in progress in our laboratory to elucidate in more detail whether oxaprozin in ethanol containing IP improves anti-inflammatory effects. Vol. 29, No. 11 
